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SEMICONDUCTOR DEVICE AND METHOD second domain to generate a second serial data stream and 

FOR PROFILING EVENTS IN transmit the second serial data stream periodically at a 
SEMICONDUCTOR DEVICE second period , a second de - serializer configured to receive 

the second serial data stream to restore the second serial data 
This application claims priority from Korean Patent 5 stream into second parallel data streams , a first memory 

Application No. 10-2017-0103989 filed on Aug. 17 , 2017 , in configured to store the first and second parallel data streams 
the Korean Intellectual Property Office , the disclosure of as integrated data , a timer configured to determine a capture 
which is incorporated herein by reference in its entirety . frequency , a direct memory access ( DMA ) configured to 

generate capture data items from the integrated data accord 
BACKGROUND 10 ing to the capture frequency , wherein the capture data items 

includes first to nth capture data items in an order the data 
Inventive concepts relate to a semiconductor device and / items are captured , and a second memory configured to store 

or a method for profiling events in a semiconductor device . the first to n ' capture data items first to nth addresses 
Traditionally , software has been used to profile events in thereof , respectively . The first to nth addresses are arranged 

a chip . In existing profiling schemes using software , chang- 15 in the order the data items are captured . 
ing the software into a debugging mode for the profiling or According to an example embodiment of inventive con 
to enable a software profiler may be desirably . Accordingly , cept , there is provided a method for profiling events in a 
profiling events on - the - fly may be difficult , but the profiling semiconductor device , the method comprising collecting 
is carried out only after the operation has been changed by events in a first domain to generate a first serial data stream , 
software . 20 updating the first serial data stream periodically at a first 

Furthermore , the profiling scheme using software checks period , converting the first serial data stream into first 
the status of software , not the status of hardware , and thus parallel data streams to generate restored data , capturing the 
monitoring hardware events may be difficult . When moni restored data at periodically at a second period to generate 
toring different events for different software structures , capture data items , and storing the capture data items . The 
performing the profiling several times while changing 25 capture data items are stored at addresses , respectively , that 
debugging options may be inconvenient . In doing so , the are arranged in an order that the capture data items are 
extracted data items may have different periods , and thus captured . 
analyzing the operations of system - on - chip ( SOC ) may be 
difficult . BRIEF DESCRIPTION OF THE DRAWINGS 

nih 

30 

35 

SUMMARY The above and other aspects and features of inventive 
concepts will become more apparent by describing in detail 

Some example embodiments of inventive concepts pro example embodiments thereof with reference to the attached 
vide a semiconductor device capable of easily profiling drawings , in which : 
events in a chip by using hardware configuration . FIG . 1 is a block diagram for illustrating a semiconductor 
Some example embodiments of inventive concepts also device according to some example embodiments of inven 

provide a method for easily profiling events in a semicon tive concepts ; 
ductor device by using hardware configuration . FIG . 2 is a timing diagram for illustrating operation of a 

It should be noted that objects of inventive concepts are serializer and a de - serializer of FIG . 1 in detail ; 
not limited to the above - described objects , and other objects 40 FIG . 3 is a diagram for conceptually illustrating parallel 
inventive concepts may be apparent to those skilled in the art data restored by the de - serializer of FIG . 1 ; 
from the following descriptions . FIG . 4 is a diagram illustrating addresses of capture data 

According to an example embodiment of inventive con stored in a second memory of FIG . 1 ; 
cepts , there is provided a semiconductor device comprising FIG . 5 is a block diagram for illustrating a semiconductor 
a first serializer configured to collect at least one event in a 45 device according to some example embodiments of inven 
first domain to generate a first serial data stream and transmit tive concepts ; 
the first serial data stream during periodically at a first FIG . 6 is a timing diagram for illustrating operation of a 
period , a first de - serializer configured to receive the first serializer and a de - serializer of FIG . 5 in detail ; 
serial data stream to restore the first serial data stream into FIG . 7 is a flowchart for illustrating a method for profiling 
first parallel data streams , the first parallel data stream 50 event by a semiconductor device according to some example 
encoding first parallel data items , a timer configured to embodiments of inventive concepts ; 
provide a clock signal having a second period , a direct FIG . 8 is a graph showing read capture data of FIG . 7 ; and 
memory access ( DMA ) configured to capture the first par FIG . 9 is a flowchart for illustrating a method for profiling 
allel data items periodically at a second period using the event by a semiconductor device according to some example 
clock signal to generate capture data items , and a first 55 embodiments of inventive concepts . 
memory configured to store the capture data items . The 
addresses of the first memory at which the respective capture DETAILED DESCRIPTION OF THE 
data items are stored are arranged in an order that the EMBODIMENTS 
respective capture data items are captured . 

According to an example embodiment of inventive con- 60 Hereinafter , a semiconductor device according to some 
cepts , there is provided a semiconductor device comprising example embodiments of inventive concepts will be 
a first serializer configured to collect events in a first domain described with reference to FIGS . 1 to 4 . 
to generate a first serial data stream and transmit the first FIG . 1 is a block diagram for illustrating a semiconductor 
serial data stream periodically at a first period , a first device according to some example embodiments of inven 
de - serializer configured to receive the first serial data stream 65 tive concepts . FIG . 2 is a timing diagram for illustrating 
to restore the first serial data stream into first parallel data operation of a serializer and a de - serializer of FIG . 1 in 
streams , a second serializer configured to collect events in a detail . FIG . 3 is a diagram for conceptually illustrating 
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parallel data restored by the de - serializer of FIG . 1. FIG . 4 Similarly , the first de - serializer 220 enters the start state 
is a diagram illustrating addresses of capture data items START from the idle state IDLE when data is transmitted 
stored in a second memory of FIG . 1 . and may receive dummy data and recognize the data . In 

Referring to FIG . 1 , a semiconductor device according to recognizing the data , the first de - serializer 220 can recognize 
some example embodiments of inventive concepts includes 5 from where the valid data starts . 
a first event pool 100 , a first serializer 210 , a first de Referring back to FIG . 1 , the first serializer 210 may 
serializer 220 , a first wire 230 , a first memory 300 , a direct periodically update , i.e. , transmit , serial data with the first 
memory access ( DMA ) 400 , a timer 410 , a second memory period P1 . The first de - serializer 220 may receive the serial 
500 , and a bus interface 600 . data at every first period P1 . 

The first event pool 100 may refer to all the spaces of the 10 By combining the first serializer 210 with the first de 
semiconductor device in which events may take place . For serializer 220 , reducing the use of unnecessary wires may be 
example , a CPU , a memory or several intellectual property possible . For example , the semiconductor device according 
blocks ( IPs ) all may be included in the first event pool 100 . to some example embodiments of inventive concepts can 
In other words , the first event pool 100 may refer to a virtual perform event profiling by using hardware specifications as 
location of the semiconductor device in which events may 15 small as possible . 
take place . The first de - serializer 220 may restore the received serial 

The first event pool 100 may include at least one event . data stream back to original parallel data streams . The first 
The first event pool 100 may include first clock gating de - serializer 220 may store the restored parallel data streams 
statuses 101 , first power gating statuses 102 and first in the first memory 300 . 
dynamic voltage and frequency scaling ( DVFS ) statuses 20 FIG . 3 shows an example of the parallel data streams 
103. This is merely illustrative and is not intended to limit stored in the first memory 300. The parallel data streams 
the scope of the inventive concepts . may have different kinds of events included IPs status , CPU 

The number of the first clock gating statuses 101 may be status , etc. Such parallel data streams are not synchronized 
the largest , the number of the first power gating statuses 102 with one another at all and thus may be a simple set of 
may be the second largest , and the number of the first DVFS 25 discrete data streams having different periods . 
statuses 103 may be the smallest . The numbers are not The first memory 300 may temporarily store the parallel 
limited thereto . data streams . The first memory 300 may be or may include 

The first serializer 210 may collect various events from at least one of , for example , a flip - flop and a static random 
the first event pool 100. The events may include at least one access memory ( SRAM ) ; however , inventive concepts are 
of the first clock gating statuses 101 , the first power gating 30 not limited thereto . 
statuses 102 and the first DVFS statuses 103 described Referring back to FIG . 1 , the DMA 400 may retrieve the 
above . parallel data streams stored in the first memory 300. The 

The first serializer 210 may convert the collected events DMA 400 may capture the parallel data streams over time . 
into one serial data stream . That is , the first clock gating As used herein , the operation of “ capturing ” refers to 
statuses 101 , the first power gating statuses 102 and the first 35 logging data at a specific time point as it is . Each event 
DVFS statuses 103 collected by the first serializer 210 may changes over time , and the parallel data streams store all of 
be in the form of parallel data streams . Each of the parallel these changes . On the contrary , the “ captured ” data does not 
data streams may have different periods and may not be store changes over time , but can only contain the data at the 
synchronized with one another . time point it is captured . 

The first serializer 210 may convert the parallel data 40 The DMA 400 may perform capturing at first to ninth time 
streams into a single serial data stream and may transmit the points T1 to T9 of FIG . 3 , for example . The first to ninth time 
serial data stream to the first de - serializer 220. When parallel points T1 to T9 may arranged at equal intervals . The equal 
data streams are transmitted , as many wires as the number intervals may be capturing period Pe and may be defined by 
of rows of the parallel data streams are required . When a a timer 410 . 
serial data stream is transmitted , however , only one wire is 45 The timer 410 may provide the capturing period Pe or a 
required . capture frequency 1 / Pe to the DMA 400. The capturing 

Accordingly , the first serializer 210 may transmit the period Pe may be increased or decreased , for example , may 
serial data stream to the first de - serializer 220 via a first wire be increased or decreased as desired . For example , in order 
230. The first wire 230 may have a single path . to acquire more detailed event information , arranging the 

The first de - serializer 220 may receive the serial data 50 first to ninth time points T1 to T9 more densely at a smaller 
stream from the first serializer 210. Since the first de capturing period Pe may be possible . 
serializer 220 is connected to the first serializer 210 via the On the other hand , in order to acquire event information 
first wire 230 , the first deserializer 22 may receive one input of a smaller capacity , it is possible to arrange the first to 
serially via the first wire 230 . ninth time points T1 to T9 more sparsely at a larger 

Referring to FIG . 2 , the first serializer 210 may transmit 55 capturing period Pe . 
data to the first de - serializer 220 when the first serializer 210 Referring to FIG . 3 , there may be missing events ME 
enters a start state START from in an idle state IDLE . depending on the capturing period Pe . A missing event ME 
Dummy data may be transmitted prior to valid data in the takes place when a value of an event is changed and isolated 
start state START for synchronization . Valid data may be between adjacent capture time points 
transmitted serially following the dummy data in a shift state 60 For example , referring to IPs status of FIG . 3 , there is a 
SHIFT . value that has been changed and changed again between the 

Subsequently , data transmission may be interrupted in a second time point T2 and the third time point T3 . The data 
stop state STOP , followed by the idle state IDLE again . The captured at the second time point T2 and at the third time 
states until the idle state IDLE may be repeated as a first point T3 cannot include such a change and thus there may 
period P1 . For example , the period from one start state 65 be a missing event ME . 
START to another may be defined as the first period P1 and Accordingly , according to some example embodiments of 
may be repeated , that is , repeated periodically . inventive concepts , in order to prevent , or reduce the like 
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lihood of , a missing event ME , the capturing period Pe can Although the capturing period Pe is 1 ms and the size of 
be made smaller than the period of events . the capture data items is 256 bits in FIG . 4 , this is merely 

Or , according to some example embodiments of inventive illustrative and is not intended to the scope of the inventive 
concepts , in order to observe the general trend with data of concepts . 
a lower capacity , the capturing period Pe can be made larger As described above , the stored events may not include the 
despite missing events ME . information on the missing events ME . Therefore , even by 

Referring back to FIG . 1 , the DMA 400 may store capture reading the reserved area 510 of the second memory 500 
data items in the second memory 500 via the bus interface later , it is not possible to check the information on the 
600. The capture data items may be captured at each of the missing events ME . In this regard , by reducing the capturing 
first to ninth time points T1 to T9 . 10 period Pe , preventing , or reducing the likelihood of , the 

occurrence of such missing events ME , may be possible . The second memory 500 may store the parallel data 
streams by the DMA 400. The second memory 500 may Referring again to FIG . 1 , the DMA 400 may sequentially 

read the capture data items stored in the reserved area 510 include at least one of a dynamic random access memory of the second memory 500. By doing so , checking the events ( DRAM ) , a static random access memory ( SRAM ) , and a 15 over times in hardware may be possible . flash memory . Since the semiconductor device according to some The second memory 500 may include a reserved area 510 . example embodiments of inventive concepts can profile 
In the reserved area 510 , the capture data items may be events in hardware , no software intervention is necessarily 
stored by the DMA 400. The size of the reserved area 510 required . When the event profiling is carried out in software , 
may be equal to the size of the capture data items . For 20 events can be profiled only when the software is operating . 
example , the size of the reserved area 510 may be deter In contrast , according to the example embodiment of the 
mined depending on the size of the capture data items and inventive concepts , every event can be collected in hardware 
the number of time oints of capturing . irrespectively of the operation of software . 

The bus interface 600 may connect the DMA 400 with the In addition , the profiling in software exerts a work load to 
second memory 500. The bus interface 600 may be not only 25 the CPU , which may degrade the performance and speed of 
utilized as a path between the DMA 400 and the second the semiconductor device . In contrast , according to the 
memory 500 but also may provide a connection between example embodiment of the inventive concepts , the events 
other elements in the semiconductor device ; however , inven are profiled only in hardware , and thus the burden on the 

CPU can be reduced . tive concepts are not limited thereto . 
Conventionally , in order for a DMA to store data in the Further , since the profiling in software may require vari 

memory , in addition to the actual data , address data to ous drivers for the respective types of the events , using such 
a plurality of drivers may be necessary . In contrast , accord indicate which area of the memory the actual data is to be ing to the example embodiment of the inventive concepts , stored may be desirable or necessary . Therefore , data having profiling the events only with capture data items may be a larger capacity than the capacity of the actual data may be 35 possible . required . Moreover , for the profiling by software , monitoring 

In contrast , the DMA 400 of the semiconductor device operation itself causes a change in the behavior of the device according to some example embodiments of inventive con and thus intuitive event profiling may be difficult or impos cepts may automatically store the parallel data streams sible . In contrast , the semiconductor device according to the 
sequentially at the capturing times , i.e. , the first to ninth time 40 example embodiment of the inventive concepts may profile 
points T1 to T9 . The capture data items may be stored in the events directly in hardware , allowing for intuitive event 
reserved area 510 of the second memory 500 . profiling . 

Specifically , referring to FIG . 4 , the capture data item Hereinafter , a semiconductor device according to some 
captured at the first time point T1 may be stored at a Start example embodiments of inventive concepts will be 
address . Subsequently , the capture data item captured at the 45 described with reference to FIGS . 5 to 6. Descriptions of the 
second time point T2 may be stored at an address incre identical elements described above will be omitted or briefly 
mented by Ox020 from the Start address ( Start address + described to avoid redundancy . 
Ox020 ) . Subsequently , the capture data item captured at the FIG . 5 is a block diagram for illustrating a semiconductor 
third time point T3 may be stored at an address incremented device according to some example embodiments of inven 
by 0x040 from the Start address ( Start address + 0x040 ) . 50 tive concepts . FIG . 6 is a timing diagram for illustrating 
Subsequently , the capture data item captured at the fourth operation of a serializer and a de - serializer of FIG . 5 in 
time point T4 may be stored at an address incremented by detail . 
0x060 from the Start address ( Start address + 0x060 ) . Sub Referring to FIG . 5 , a semiconductor device according to 
sequently , the capture data item captured at the fourth time some example embodiments of inventive concepts may 
point T5 may be stored at an address incremented by Ox080 55 include first to third domains D1 to D3 . 
from the Start address ( Start address + Ox080 ) . The first domain D1 may include a first event pool 100 , 

Accordingly , the addresses where the capture data items a first serializer 210 , and a first de - serializer 220. The second 
are stored , respectively , can be equally spaced apart from domain D2 may include a second event pool 1100 , a second 
one another . Also , the addresses may be arranged in the serializer 1210 , and a second de - serializer 1220. The third 
chronological order according to the first to ninth time points 60 domain D3 may include a third event pool 2100 , a third 
T1 to T9 . For example , the data captured at the second time serializer 2210 , and a third de - serializer 2220 . 
point T2 between the first time point T1 and the third time Although three domains are shown in FIG . 5 , the number 
point T3 may be stored in an address ( Start address + 0x020 ) of the domains is not limited to three . For example , the 
between the address ( Start address ) at which the data cap semiconductor device according to some example embodi 
tured at the first time point T1 is stored and the address ( Start 65 ments of inventive concepts may include two domains or 
address + 0x040 ) at which the data captured at the third time four or more domains . For example , the semiconductor 
point T3 is stored . device may include more than one domains . 
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The first domain D1 may have a configuration similar to The first to third de - serializers 220 , 1220 and 2220 may 
that described above with reference to FIG . 1. The second restore the received serial data streams back to parallel data 
event pool 1100 of the second domain D2 may be or may streams . At this time , the first to third de - serializers 220 , 
include a space separated from the first event pool 100. The 1220 and 2220 may combine the restored parallel data 
second event pool 1100 may be or may include an area 5 streams to generate a single integrated data . This integrated 
where events are not collected by the first serializer 210. The data may be stored in the first memory 300 . 
second event pool 1100 may include second clock gating The DMA 400 may capture the integrated data according 
statuses 1101 and a second DVFS status 1102. As shown in to a capturing period provided by the timer 410 and store it 
FIG . 5 , the second event pool 1100 may include a different in the second memory 500. In doing so , the addresses of the 
type and number of events than the first event pool 100 ; 10 capture data items to be stored may be sequentially arranged 
however , inventive concepts are not limited thereto . according to the order of the time points of capturing . 

In the semiconductor device according to some example The second serializer 1210 may collect various events embodiments of inventive concepts , serializers may collect from the second event pool 1100. The second serializer 1210 events independently in different domains . A domain may be may convert the collected parallel data streams into a single 15 defined as a set of adjacent areas of the semiconductor serial data stream and may transmit it to the second de device or may be defined by connecting areas to achieve the 
serializer 1220. The second serializer 1210 may transmit the shortest signal path . That is , the domains may be defined to 
serial data stream to the second de - serializer 1220 via a collect events efficiently so as to increase the efficiency of 
second wire 1230. The second wire 1230 may have a single event profiling . 
path . According to the example embodiment of the inventive 

The third event pool 2100 of the third domain D3 may be concepts , since the domains collect event independently , the 
or may include a space separated from the first event pool semiconductor device may not require clock signals may not 
100 and from the second event pool 1100. The third event require a buffer time for synchronization , and may not 
pool 2100 may be or may include an area where events are require a logic module for synchronization . Therefore , event 
collected neither by the first serializer 210 nor by the second 25 profiling may be carried out quickly with fewer resources . 
serializer 1210. The third event pool 2100 may include third Hereinafter , a method for profiling events in a semicon 
clock gating statuses 2101. As shown in FIG . 5 , the third ductor device according to the example embodiment of the 
event pool 1100 may include a different type and number of inventive concepts will be described with reference to FIGS . 
events than the first event pool 100 and the second event 1 , 3 , 4 , 7 and 8. Descriptions of the identical elements 
pool 1100 ; however , inventive concepts are not limited 30 described above will be omitted or briefly described to avoid 
thereto . redundancy 

The third serializer 2210 may collect various events from FIG . 7 is a flowchart for illustrating a method for profiling 
the third event pool 2100. The third serializer 2210 may events in a semiconductor device according to some 
convert the collected parallel data streams into a single serial example embodiments of inventive concepts . FIG . 8 is a 
data stream and may transmit it to the third de - serializer 35 graph showing read capture data items of FIG . 7 . 
2220. The third serializer 2210 may transmit the serial data Referring initially to FIG . 7 , serial data may be generated 
stream to the third de - serializer 2230 via a third wire 2220 . by collecting events , as in in step S100 . 
The third wire 2230 may have a single path . Specifically , referring to FIG . 1 , the first serializer 210 

Referring to FIG . 6 , operations of the first serializer 210 may collect various events from the first event pool 100. The 
and the first de - serializer 220 may be similar with operations 40 events may include at least one of the first clock gating 
of the second serializer 1210 and the second de - serializer statuses 101 , the first power gating statuses 102 and the first 
1220 , respectively . For example , the operations of the first DVFS statuses 103 described above . The first serializer 210 
serializer 210 and the first de - serializer 220 and the opera may convert the collected events into one serial data stream . 
tions of the second serializer 1210 and the second de Referring again to FIG . 7 , the serial data is converted into 
serializer 1220 may be performed by repeating the opera- 45 parallel data streams to generate restored data , as in step 
tions in the states IDLE , START , SHIFT and STOP . S200 . 

The first serializer 210 and the second serializer 1210 may Specifically , referring to FIG . 1 , the first de - serializer 220 
operate with different periods . For example , the first serial may restore the received serial data stream back to the 
izer 210 may transmit the serial data stream periodically original parallel data streams . 
with the first period P1 while the second serializer 1210 may 50 Referring again to FIG . 7 , capture data items are gener 
transmit the serial data stream periodically with the second ated , as in step S300 . 
period P2 . Specifically , referring to FIGS . 1 and 3 , the DMA 400 
As a result , the timing of updating the first serializer 210 may capture the parallel data streams over time . The DMA 

and the timing of updating the second serializer 1210 may 400 may perform capturing at first to ninth time points T1 to 
not be synchronized with each other . In the semiconductor 55 T9 of FIG . 3 , for example . The first to ninth time points T1 
device according to some example embodiments of inven to T9 may arranged at equal intervals . The equal intervals 
tive concepts , the parallel data streams can be restored later may be capturing period Pe and may be defined by a timer 
even if the serializers operate separately in different domains 410 . 
without synchronization , and thus it is not necessary to Referring again to FIG . 7 , the capture data items are 
synchronize timings at the serializer level . Accordingly , 60 stored sequentially in the respective addresses , as in step 
events can be profiled more freely with less resources . S400 . 

Referring again to FIG . 5 , the first to third serializers 210 , Specifically , referring to FIGS . 1 and 4 , the capture data 
1210 and 2210 in the first to third domains D1 to D3 may item captured at the first time point T1 may be stored at a 
transmit serial data streams with different periods , respec Start address . Subsequently , the capture data item captured 
tively , and the first to third de - serializers 210 , 1220 and 2220 65 at the second time point T2 may be stored at an address 
may also receive the serial data streams with different incremented by 0x020 from the Start address ( Start address + 
periods . Ox020 ) . Subsequently , the capture data item captured at the 
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third time point T3 may be stored at an address incremented different domains , such that event profiling can be carried 
by Ox040 from the Start address ( Start address + 0x040 ) . out quickly with reduced or minimal resources . 
Subsequently , the capture data item captured at the fourth 
time point T4 may be stored at an address incremented by What is claimed is : 
Ox060 from the Start address ( Start address + Ox060 ) . Sub- 5 1. A semiconductor device comprising : 
sequently , the capture data item captured at the fourth time a first serializer configured to collect events in first 
point T5 may be stored at an address incremented by Ox080 domain to generate a first serial data stream and trans 
from the Start address ( Start address + 0x080 ) . mit the first serial data stream periodically at a first 

Accordingly , the addresses where the capture data items period ; 
are stored , respectively , can be equally spaced apart from a first de - serializer configured to receive the first serial 
one another . data stream to convert the first serial data stream into 

Referring again to FIG . 7 , the capture data items are read , first parallel data streams ; 
as in step S500 . a timer configured to provide a clock signal having a 

Specifically , referring to FIG . 8 , the capture data items second period ; 
may be expressed graphically as in the graph shown in FIG . a direct memory access ( DMA ) configured to capture the 
8. The capture data items may also be expressed in different first parallel data streams periodically at the second 
ways . Such representation of the capture data items may be period using the clock signal to generate capture data 
utilized for monitoring the events . items ; and 

Hereinafter , a method for profiling events in a semicon- 20 a first memory configured to store the capture data items , 
ductor device according to the example embodiment of the wherein addresses of the first memory at which respective 
inventive concepts will be described with reference to FIGS . ones of the capture data items are stored are arranged 
5 , 7 and 9. Descriptions of the identical elements described in an order that the respective capture data items are 
above will be omitted or briefly described to avoid redun captured . 
dancy . 2. The semiconductor device of claim 1 , wherein the FIG . 9 is a flowchart for illustrating a method for profiling events includes at least one of a clock gating status , a power event by a semiconductor device according to some example gating status , and a dynamic voltage and frequency scaling embodiments of inventive concepts . ( DVFS ) status . Referring to FIG . 9 , operations may be performed inde 3. The semiconductor device of claim 1 , further compris pendently in the first domain D1 and the second domain D2 . 30 ing : The first domain D1 will be described firstly , and then the 
second domain D2 will be described . a second serializer configured to collect events in a second 

Initially , a first serial data stream is generated by collect domain different from the first domain to generate a 
ing events ( step S100a ) . second serial data stream and to transmit the second 

Specifically , referring to FIG . 5 , the first serializer 210 35 serial data stream periodically at a third period ; and 
collects events in the first domain D1 to generate first serial a second de - serializer configured to receive the second 
data stream . serial data stream to restore the second serial data 

Referring again to FIG . 9 , the first serial data stream is stream into second parallel data streams , 
converted into first parallel data streams , as in step S200a . wherein the DMA captures the first and second parallel 

Specifically , referring to FIG . 5 , the first de - serializer 220 40 data streams periodically at the second period to gen 
may convert the received first serial data stream into the first erate the capture data items . 
parallel data streams in the first domain D1 . 4. The semiconductor device of claim 3 , wherein the first 

Hereinafter , the second domain D2 will be described . period is different from the third period . 
Referring again to FIG.9 , events are collected to generate 5. The semiconductor device of claim 3 , further compris 

a second serial data stream ( step S1006 ) . 45 ing : 
Specifically , referring to FIG . 5 , the second serializer a second memory configured to store the first and second 

1210 collects events in the second domain D2 to generate the parallel data streams . 
second serial data stream . 6. The semiconductor device of claim 5 , wherein a time 

Referring again to FIG . 9 , the second serial data stream point at which the second memory stores the first parallel 
may be converted into second parallel data streams , as in 50 data streams is different from a time point at which the 

second memory stores the second parallel data streams . 
Specifically , referring to FIG . 5 , the second de - serializer 7. The semiconductor device of claim 1 , wherein the 

1220 may convert the received second serial data stream into DMA is configured to store , 
the second parallel data streams in the second domain D2 . a first capture data item captured at a first address at a first 

Referring again to FIG . 9 , restored data is generated ( step 55 time point , 
S2000 ) . a second capture data item captured at a second address at 

The restored data may be generated by integrating the first a second time point after the second period has elapsed 
parallel data streams and the second parallel data stream . since the first time point , and 

Subsequently , the method for profiling events in a semi a third capture data item captured at a third address at a 
conductor device according to the example embodiment of 60 third time point after the second period has elapsed 
the inventive concepts may include generating capture data since the second time point , and 
items ( step S300 ) , storing the capture data items at the wherein a difference between the second address and the 
respective addresses ( step S400 ) , and reading out the capture first address is equal to a difference between the third 
data items ( step S500 ) . address and the second address . 

According to the method for profiling events in a semi- 65 8. The semiconductor device of claim 1 , wherein the 
conductor device according to the example embodiment of second period is smaller than a smallest one of periods of the 
the inventive concepts , event are collected independently in events . 

step S2005 . 
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9. A semiconductor device comprising : 14. The semiconductor device of claim 11 , wherein the 
a first serializer configured to collect events in a first first period is different from the second period . 

domain to generate a first serial data stream and trans 15. A method for profiling events in a semiconductor 
mit the first serial data stream periodically at a first device , the method comprising : 
period ; collecting events in a first domain to generate a first serial 

data stream ; a first de - serializer configured to receive the first serial 
data stream to convert the first serial data stream into updating the first serial data stream periodically at a first 

period ; first parallel data streams ; 
a second serializer configured to collect events in a second converting the first serial data stream into first parallel 
domain to generate a second serial data stream and 10 data streams to generate converted data ; 
transmit the second serial data stream periodically at a capturing the converted data periodically at a second 
second period ; period to generate capture data items ; and 

a second de - serializer configured to receive the second storing the capture data items , 
serial data stream to convert the second serial data wherein the capture data items are stored at addresses , 
stream into second parallel data streams ; respectively , that are arranged in an order that the 

capture data items are captured . a first memory configured to store the first and second 16. The method of claim 15 , further comprising : parallel data streams as integrated data ; 
a timer configured to determine a capture frequency ; collecting events in a second domain different from the 
a direct memory access ( DMA ) configured to generate first domain to generate a second serial data stream ; 

capture data items from the integrated data according to 20 updating the second serial data stream periodically at a 
the capture frequency , wherein the capture data items third period ; and 
includes first to nth capture data items in an order the converting the second serial data stream into second 
data items are captured ; and parallel data streams , 

a second memory configured to store the first to nth wherein the converting the first and second serial data 
capture data items at first to nth addresses thereof , 25 streams into first and second parallel data streams data 
respectively , includes integrating the first and second parallel data 

streams . wherein the first to nth addresses are arranged in the order 
the data items are captured . 17. The method of claim 16 , wherein the first period is 

different from the third period . 10. The semiconductor device of claim 9 , wherein the first 
to nth addresses are equally spaced apart from one another . 30 18. The method of claim 15 , wherein the events include 

at least one of a clock gating status , a power gating status , 11. The semiconductor device of claim 9 , wherein the first 
to n " capture data items all have a same size . and a dynamic voltage and frequency scaling ( DVFS ) status . 

19. The method of claim 15 , wherein the addresses are 12. The semiconductor device of claim 11 , wherein the 
first memory comprises at least one of a flip - flop or an equally spaced apart from one another . 

20. The method of claim 15 , further comprising : SRAM . 
13. The semiconductor device of claim 11 , wherein the reading out the capture data items sequentially to display 

second memory comprises at least one of a DRAM , a SRAM the events graphically . 
or a flash memory . 

35 


